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PHASE CIIANGE  INDICATORS  FOR  SUBAMBIENT T E M P E R A T U R E S  
By D. R. Kasanof  and  E.  Kinnnel 
TEMPIL"  CORPORATION 
Forty  candidate  organic  compounds  were  evaluated  as  possible  fusible 
temperature  indicators  for  use  in  the  range  -50°F  to  -150°F.  Of  these, 
thirty  with  melting  points  ranging  from  -37°F  to  -162°F  were  found  to  be 
useful  as  temperature  indicators.  Nine  candidates  were  rejected  because 
they  did not yield  opaque,  crystalline  coatings  by  any  of  the  application 
procedures  attempted.  One  candidate  material  was  rejected  because  it 
proved  to be unstable.  Phase  studies  of  several  binary  systems  were  also 
carried  out. 
A  number of application  procedures  were  evaluated.  An  aerosol-spray 
procedure  was  adopted  because  it  consistently  yielded  opaque  coatings, 
was  relatively  simple  to  employ  and  could  probably  be  adapted  for  use  in 
the  Langley  Field  test  apparatus. 
The  indicators  were  found to signal  properly  at  a  reduced  pressure 
of 2 m  mercury,  as  well  as  at  sea-level  barometric  pressure. 
INTRODUCTION 
In the  July  1964  issue  of  the  Journal  of  the  American  Institute  of 
Aeronautics  and  Astronautics,  Messrs.  Robert A .  Jones  and  James L. Hunt 
of  the  NASA  Langley  Research  Center  published  a  paper  captioned  "Use of 
Temperature-Sensitive  Coatings  for  Obtaining  Quantitative  Aerodynamic 
Heat  Trans  fer  Data". 
This  paper  described  the  use  of  Tempilaq"  phase-change  temperature 
indicators  for  obtaining  accurate  heat-transfer  data  on  models  of  complex 
shape  in  wind'tunnel  tests.  All  of  the  work  described  was  carried  out 
using  temperature  indicators  having  ratings  above  100"F,  the  lowest 
temperature  for  which  these  materials  are  commercially  available. 
In a letter of March 4 ,  1965  Tempil"  Corporation  proposed  to  under- 
take  the  development  of  phase-change  indicators  which  could  be  used  to 
extend  this  technique  to  temperatures  well  below  the  normal  climatic 
range.  NASA  Contract  NAS1-5667,  dated  December  9,  1965,  authorized  an 
investigation  to  develop  materials  and  corresponding  application  techniques 
that could be used as phase change temperature indicators i n  the  
temperature range of -50°F t o  -150"F, and  would  be su i t ab le  fo r  ae ro -  
dynamic h e a t  t r a n s f e r  t e s t i n g  by the method descr ibed  in  the  Jones  and 
Hunt pape r  r e fe r r ed  to  above. The ind ica to r s  would  be  used a t  environ- 
mental  pressures ranging from 2mm Hg t o  one atmosphere. 
The fo l lowing  des i red  charac te r i s t ics  of the i n d i c a t o r s  were outlined 
i n  t h e  c o n t r a c t  t o  s e r v e  a s  development guidelines: 
a .  me phase change of t he  ind ica to r s  shou ld  be  c l ea r ly  v i s ib l e  s o  
t h a t  i t  can be recorded with black and white film. 
b. The indicating  temperature  should  be  unaffected by ambient 
pressures  from 2mm Hg t o  one atmosphere. 
c .  The indicating coating should have a very short  response time 
s o  that the phase change temperature w i l l  be unaffected by the  
hea t ing  r a t e .  
d. The method for  applying the indicator  should be  such  that 
r e p e a t a b i l i t y  of r e s u l t s  can be obtained. 
e.  The indicators should have a low order  of t o x i c i t y  and should  be 
chemica l ly  iner t .  
LITERATURE EXPLORATION - The t a rge t   p rope r t i e s  -- melting  point  range, 
low vapor  pressure,  long-term stabi l i ty ,  iner tness  and  low order of 
t o x i c i t y  -- appear  to  have fair ly  wel l  res t r ic ted the chemical  compounds 
available  as  candidate  temperature  indicators.   Examination of the 
l i t e r a t u r e  r e v e a l e d  t h a t  two c l a s ses  of organic compounds, e s t e r s  and 
aromatic hydrocarbons,  offered the most promising, readily available 
candidates.  Our own experience  with  es ters   a t   e levated  temperatures  
(over 100°F) led  us t o  b e l i e v e  t h a t  t h i s  c l a s s  of compounds might also 
have  the  necessa ry  c rys t a l l i za t ion  p rope r t i e s ,  i . e . ,  l i t t l e  o r  no 
tendency to supercool below the freezing point and a strong tendency to 
form  opaque, c l e a r l y  v i s i b l e  c r y s t a l s  -- as  opposed to  the  format ion  of 
glasses which would b e  undesirable .  
Aromatic  e thers ,  cycl ic  a l iphat ic  ketones and a l ipha t i c  a l coho l s  were 
o ther  c lasses  of organic compounds which of fered  severa l  addi t iona l  
candidate  mater ia ls .  
SOURCE OF CANDIDATE MATERIALS - A l l  candidates   for   fusible   temperature  
ind ica to r s  ac tua l ly  used  in  - th i s  work project  were the best  grades avai lable  
from Dis t i l l a t i on  P roduc t s  Indus t r i e s ,  Eastman Organic Chemicals Department, 
Rochester, N.Y.  14603. A l l  a r e  l i s ted  i n   t h e   c u r r e n t  D.P.I .  catalog,  and 
were eva lua ted  wi thout  fur ther  pur i f ica t ion  or  t rea tment .  
LOW-TEMPERATURE  T ST CHAMBER - The test chamber  used  throughout t h i s  
work program was an eight  cubic  foot  (2 '  x 2 '  x 2 ' )  capaci ty  Model WF-8-175V 
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Low Temperature 
t u r i n g  Company, 
" 
Environmental Chamber manufactured by the Webber Manufac- 
Inc. ,   Indianapol is ,   Indiana.  
A i r  i n  t h i s  chamber w a s  c i r c u l a t e d  by a fan  and a i r  temperatures were 
ad jus t ab le  from  ambient t o  -175°F. Provis ions were ava i lab le  for  evacuat -  
ing  the  chamber to  p re s su res  o f  less than 2 m  Hg.  On each of the two s ides  
of the  chamber was a 2-inch service port  through which e lectr ical  leads,  
tubes or probes could be introduced. 
The side-hinged, overlapping door on t h e  f r o n t  of the  chamber was 
suppl ied with two 6-inch port  holes for glove and/or hand i n s e r t i o n  and 
manipulation of a r t i c l e s  w i t h i n  t h e  chamber under atmospheric pressure 
condi t ions.  These p o r t s  were flanged and could be sea l ed  i f  the chamber 
w a s  to  be evacuated.  The door was also equipped with a 12'' x 12" observa- 
t i o n  window cons i s t ing  of a spec ia l  he rme t i ca l ly  sea l ed  6-pane thermal 
g l a s s  assembly. 
SCREENING  OF CANDIDATE MATERIALS - I n i t i a l   a t t e m p t s   t o   e v a l u a t e   c a n d i d a t e  
materials involved observation of small q u a n t i t i e s  of l i q u i d  i n  g l a s s  test  
tubes and i n  c a p i l l a r i e s .  This method w a s  found unsat isfactory because i t  
w a s  d i f f i cu l t  t o  obse rve  changes  of s ta te  which might have taken place and 
because the length of t i m e  necessa ry  fo r  t he  r e l a t ive ly  l a rge  quan t i t i e s  of 
l iqu id  to  reach  thermal  equi l ibr ium wi th  the  a i r  w a s  found to  be  excess ive ly  
long. 
Af te r  some experimentation, the following procedure w a s  adopted and 
u s e d  i n  t h e  i n i t i a l  s c r e e n i n g  o f  most of the candidate materials: 
A drop or two of f l u i d  w a s  p laced  in  the  center  of  a 75x25mm glass micro- 
s c o p e  s l i d e  and covered with an 18mm cover sl ide,  thus sandwiching a t h i n  
l aye r  of mater ia l  between glass  surfaces.   This  glass  sandwich was then 
placed on a  wooden r a c k  i n  a n  a l m o s t  v e r t i c a l  p o s i t i o n .  The rack was 
pa in ted  b lack  to  form a dark background. Illumination was provided by four 
73  w a t t  bulbs,  two on each  s ide  of the rack.  The chamber w a s  then cooled 
u n t i l  c r y s t a l l i z a t i o n  of the  candida te  occured  or  un t i l  a t empera tu re  of 
-175°F was reached. 
Using t h i s  s e t - u p ,  r e s u l t s  were easi ly  observed and phase-changes 
from l i q u i d  t o  s o l i d ,  when accompanied by the formation of  opaque white 
c r y s t a l s ,  was very dramatic against the black background. 
The above method w a s  r e l a t i v e l y  s i m p l e  and enabled us  to  evaluate  
several samples  a t  once. R e s u l t s  obtained were thought to  c o r r e l a t e  w e l l  
with those which would be obtained under the anticipated end-use conditions.  
AEROSOL  APPLICATION  OF INDICATOR MATERIALS - The following  aerosol 
app l i ca t ion  method was developed as a consequence of our search for a f i n a l  
form for  the  tempera ture  ind ica tors  and corresponding pract ical  method f o r  
applying them. It was used  p r inc ipa l ly  fo r  t he  f ina l  t empera tu re  ca l ib ra -  
t i o n  of t he  ind ica to r s ,  a l t hough  i t  would also have been an excellent means 
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f o r  i n i t i a l l y  e v a l u a t i n g  t h e  c r y s t a l l i z a t i o n  p r o p e r t i e s  of each material  -- 
the  eva lua t ion  car r ied  out  on almost a l l  of the candidates by the micro- 
scope-slide method descr ibed  in  the  prev ious  sec t ion .  
I n  employing th i s  procedure ,  the  subs t ra te  was cooled to  a temperature 
below the melt ing point  of the  ind ica tor .  In  the  case  of r e a d i l y  c r y s t a l l i z e d  
mater ia l s ,  cool ing  the  subs t ra te  to  approximate ly  th i r ty  degrees  Fahrenhei t  
below the  mel t ing  poin t  of the  ind ica tor  was su f f i c i en t .  In  o the r  cases ,  
cooling with l iquid nitrogen to temperatures approaching -300'F was found 
necessary. 
A six-ounce aerosol container containing 60 grams  of the  ind ica tor  
l i q u i d  and 75 grams of Freon 1 2  propel lan t  -- no so lvent  -- was then 
i n s e r t e d  i n t o  t h e  t e s t  chamber through one  of the  por t  ho les  and  a spray 
was directed onto the cooled test  piece from a d is tance  of s i x  t o  e i g h t  
inches. The aerosol  containers  were  stored  under  ambient  conditions  prior 
to  use,  but  apparent ly  cool ing of t he  ind ica to r  pa r t i c l e s  by evaporation 
of the Freon 1 2 ,  by passage through the cold atmosphere of the chamber,  and, 
f i n a l l y ,  by contac t  wi th  the  co ld  subs t ra te  was s u f f i c i e n t  t o  y i e l d  a white,  
opaque, adherant,  solid coating several  thousandths of an inch thick. 
A l l  appl ica t ions  of ind ica tor  coa t ings  by t h i s  method  were ca r r i ed  
out  under  atmospheric  pressure  conditions. When ca l ib ra t ions  were t o  be 
c a r r i e d  o u t  i n  a  vacuum, appl ica t ion  was followed by s e a l i n g  of the chamber 
and evacuation. 
UNSUCCESSFUL APPLICATION FORMS AND PROCEDURES 
Suspensions  of  materials i n  a v o l a t i l e   v e h i c l e  (Tempilaq') - Most of the  
indicator  candidates  s tudied are  excel lent  solvents  for  organic  compounds. 
Because  of th i s ,  the  choice  of f l u i d s  a v a i l a b l e  a s  i n s o l u b l e ,  v o l a t i l e  
f l u ids  fo r  d i spe r s ion  of the  candidates was severely  l imited.   After  
discarding water because of i t s  high melting point,  the remaining poss i -  
b i l i t i e s  were narrowed down to al iphat ic  hydrocarbons or  some of t h e i r  
f luoro- and chloro-subst i tuted der ivat ives  (Freons) .  
Several suspensions were made  up i n  hexane,  the most  volat i le  a l iphat ic  
hydrocarbon available which was a l i q u i d  under standard atmospheric tempera- 
t u re  and pressure condi t ions.  The most serious problem encountered was the 
lack of v o l a t i l i t y  of t he  veh ic l e  a t  t he  low temperature employed i n  t h i s  
inves t iga t ion .  A t  a temperature of -lOO°F, hexane showed  no tendency t o  
evaporate. R e s u l t s  were  the same whether application was by b rush  or  aerosol  
spray. This was not  completely  unexpected, and confirmed  expectations  that  
i t  might be necessary to employ compressed gases such as methane, ethane or 
one  of the  more v o l a t i l e  Freons as a vehicle.  This would  have  involved some 
means of suspension of the liquid at ambient temperatures, followed by a 
procedure for converting this suspension to a d i spers ion  of f i n e  c r y s t a l s  
on cool ing  to  below the indicator 's  mel t ing point .  Alternat ively,  developing 
a low-temperature mill ing procedure for forming the dispersions directly 
from t h e  s o l i d i f i e d  i n d i c a t o r  and solvent  would  have  been necess i ta ted .  No 
work beyond the several  hexane dispersions was car r ied  out .  
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i; Brushing  of  Super-Cooled  Pure  Liquids - By  carefully 
' indicator  liauids  to  temperatures  below  their  melting  points, 
cooling  some 
it  was  possible 
to  brush-apply  these  super-cooled  indicators  onto  a  cooled  substrate.  The 
distukbance  caused  by  brushing  the  indicators  onto  the  surface  was  usually 
sufficient  to  cause  instantaneous  crystallization  on  the  surface.  The  coatings 
which  were  opaque  were  also  extremely  uneven,  and  made  up  of  rather  large 
crystals  and  lumps.  Furthermore,  premature  crystallization  of  the  bulk 
prevented  coating  more  than  one  or  two  square  inches of  surface  during  any 
one  experiment. 
Aerosol  Application  of  Pure  Indicators  Cooled  to  below  their  Melting 
Points - Prior  to  the use  of pure  indicators  in  aerosol  containers  stored 
at  room  temperatures by the  method  described  above,  cooling  and  storage  of 
aerosol  containers  at  temperatures  which  ensured  crystallization  of  the 
indicator  was  attempted.  Excessive  hardening of the  spray  valves,  severe 
reduction  of  Freon 12 pressure  and  the  formation of excessively  large  indica- 
tor  crystals  in  the  container -- all  caused by cooling  to  the  low  temperatures 
of our  experiments - -  posed  problems  which  were  resolved  by  resorting t o  room 
temperature  storage  of  the  aerosol  containers. 
TENPERATURE  MEASUREMENT - The  Webber  test  chamber,  described  above,  was 
used  with  a  Model  104NY  platinum  resistance  thermometer (.084 inch  diameter) 
Purchased  from  the  Rosemount  Engineering  Company,  Minneapolis,  Minnesota. 
Connecting  this  probe  to  the  Speedomax H controller,  after  making  the  appro- 
priate  change's  in  the  circuitry  of  the  controller,  provided  a  low-lag,  sensi- 
tive  temperature  measuring  system. 
Accuracy of the L&N Speedomax H recorder  is 2 0.3% of the  temperature 
span; for  our  recorder  this  would  be  0.83"F.  The  readability  of  this  instru- 
ment is approximately  0.5"F.  Accuracy  of  the  platinum  resistance  thermometer, 
calibrated  by  Rosemount  Engineering  Co.,  was  better  than 0.28"F. All calibra- 
tions  carried  out  by  Rosemount  are  traceable  to  N.B.S.  standards. 
CALIBRATION "" OF TEMPERATURE INDICATORS - Candidate  materials  which  froze 
rexly, i.e.,  supercooled  less  than  30°F  below  their  melting  points,  were 
calibrated  by  the  following  procedure: 
A  one-inch  square  of  heavy  gauge  aluminum  foil  was  perforated  and 
slipped  over  the  tip  of  the  horizontally  oriented  resistance  thermometer. 
With  the  tip  of  the  thermometer  pointing  toward  the  observer,  the  face of 
the  aluminum  test  piece  hanging  from  it  also  faced  the  observer.  (See  sketch 
in  Appendix F.) After  cooling  the  aluminum  test  piece  and  thermometer  to 
below  the  anticipated  melting  point,  a  coating of the  indicator  material  was 
sprayed  onto  the  aluminum  by  the  aerosol  procedure  described  above.  The 
environmental  chamber  was  then  allowed  to  warm  up slowly until  melting  was 
visually  observed. 
" . ~ 
The  heating  rate  of  the  chamber  was  less  than  one  degree  Fahrenheit  per 
minute.  This low rate of temperature  rise  ensured  thermal  equilibrium 
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between the  a i r ,  test p i ece  and temperature probe, and avoided any dependence 
of the observed melting points on the  hea t ing  rate. . 
Considering the accuracy of the instrumentat ion and the reproducibi l i ty  
of  the recorded melt ing points ,  the average (2 t o  4 determinat ions)  values  
obtained by t h i s  method, and t a b u l a t e d  i n  Appendix A for  seventeen  ind ica tor  
ma te r i a l s ,  are probably  accura te  to  wi th in  p lus  or  minus 2°F. 
Candidate material-s which did not readily form opaque coatings by 
spraying onto a su r face  a t  -175°F or  h igher  were c a l i b r a t e d  by the following 
procedure: 
A circular phenolic specimen (diameter I%", weight 15 grams) was cooled 
t o  a temperature approximately 50°F below the expected melt ing point  (or  to  
-175°F) and then dipped into l iquid ni t rogen and held submerged fo r  s eve ra l  
minutes.  Immediately upon  removing  from the  l i qu id  n i t rogen ,  t he  specimen 
was sprayed  wi th  the  ind ica tor .  Af te r  a l lowing  approximate ly  f i f teen  minutes  
for  the temperature  of the  t es t  p i e c e  t o  come t o  e q u i l i b r i u m  w i t h  t h e  a i r  i n  
the chamber, the temperature  was al lowed to  r ise s lowly unt i l  mel t ing occured.  
The phenolic specimen was suspended approximately 3 inches below the  
plat inum-resis tance  temperature   probe  during  the  cal ibrat ion  procedure.  By 
means of a calibrated copper-constantan thermocouple,  i t  w a s  determined that 
the  a i r  i n  t h e  v i c i n i t y  of t he  tes t  p iece  was wi th in  one degree of the 
temperature   of   the   plat inum-resis tance  probe.   Because  of   this   s l ight  
possible  temperature  var ia t ion,  a poss ib le  tempera ture  lag  of  uncer ta in  
proportions caused by the bulk of the phenolic specimen and a s l i g h t l y  
h ighe r  r a t e  of temperature rise, i t  i s  est imated that  the accuracy of  the 
values obtained by t h i s  method  and t a b u l a t e d  i n  Appendix B f o r  t h i r t e e n  
ind ica to r  materials i s  p lus  or  minus 5°F. 
EFFECTS OF VACUUM - The c o n t r a c t   s t i p u l a t e d   t h a t   h e   c a l i b r a t i o n   o f   t h e  
temperature  indicators  was t o  be Garried out under vacuum condi t ions as low 
as 2mm Hg as w e l l  as under ambient pressure conditions. 
Thermodynamic considerations (Clapeyron equation) and actual  experience 
with hundreds of organic and inorganic  compounds have shown, however, t h a t  
the melt ing point  change resul t ing from a one-atmosphere pressure change, the 
maximum p o s s i b l e  i n  g o i n g  from atmospheric conditions to a complete vacuum, 
i s  of the order of hundredths of a degree -- a n e g l i g i b l e  c o n s i d e r a t i o n  i n  
view of the discussions of t he  ex i s t ing  expe r imen ta l  e r ro r s  i n  the  va r ious  
sec t ions  above. 
Neve r the l e s s ,  t he  seven teen  ind ica to r s  l i s t ed  in  Appendix A were re- 
ca l ib ra t ed  a t  a pressure  of less than 2mm Hg. The r e s u l t s  a r e  t a b u l a t e d  
i n  Appendix C. Considering  the  normal  experimental  error  under  atmospheric 
condi t ions and the  absence  of  an  a i r -ba th  to  fac i l i t a te  thermal  equi l ibr ium 
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between the aluminum tes t  s l i d e  and the temperature probe, the observed 
1 differences  between  the  values i n  Appendixes A and C are n o t  s i g n i f i c a n t .  
Of s ign i f i cance  are t h e  f a c t s  t h a t  none of the indicators sublimed 
before  melt ing,  and tha t  they  a l l  appeared qui te  s table ,  exhibi t ing no s igns 
of boi l ing or  gas  evolut ion,  upon melting. 
All of  the  t empera tu re  ind ica to r s  l i s t ed  in  Appendix B were a l s o  
evaluated under vacuum condi t ions  for  subl imat ion  before  mel t ing  and 
s t a b i l i t y  a f t e r  m e l t i n g .  None of these indicators  subl imed before  melt ing 
or  showed s igns  of decomposition or evaporation upon melting. Determination 
of mel t ing points  was not attempted because there was no poss ib i l i t y  o f  
thermal equilibrium between the temperature probe and t h e  p l a s t i c  test p iece  
under  the exis t ing vacuum condi t ions.  
BINARY MIXTURES - Some work w a s  ca r r i ed   ou t   o   de t e rmine   t he   f eas ib i l i t y  
of  us ing  mixtures  of  candida te  mater ia l s  wi th  sa t i s fac tory  supercool ing ,  
f reez ing  and c r y s t a l - o p a c i t y  p r o p e r t i e s  i n  o r d e r  t o  o b t a i n  lower melting 
ind ica tors  wi th  similar s a t i s f a c t o r y  p r o p e r t i e s .  Three  binary  systems were 
evaluated. 
Two ester mixtures, Ethyl Octanoate/Methyl Octanoate and Hexyl Acetate/  
Heptyl  Acetate ,  were found to  yield easi ly  f rozen systems with melt ing points  
c losely fol lowing a c lassical  phase-rule  curve for  a binary  system.  Melting 
points  values  f o r  these systems were tabulated in  the progress  report  of June 
26, 1967, but they are not repeated here because the temperature measurement 
methods used during these evaluations were less ref ined than the one des- 
c r ibed  above f o r  t h e  c a l i b r a t i o n  of t he  s ing le  component i nd ica to r s  and the  
recorded melt ing points  are  undoubtedly in  error .  The eutect ic  mixture  of  
the Octanoate system melted approximately 15°F below the melting point of the 
lower melting component while the Acetate system eutectic melted approximately 
9°F below the  mel t ing  poin t  of the lower-melting component. 
A system of aromatic hydrocarbons, p-Cymene/m-Xylene, was found t o  y i e l d  
mixtures which could not be frozen by  any of the  methods used. 
REJECTED CANDIDATE MATERIALS - Of the   for ty   candida te   mater ia l s   eva lua ted ,  
t en  were r e j ec t ed .  Nine  of these could not be made t o  y i e l d  opaque, s o l i d  
coat ings by any  of t he  methods described above. One, Dimethoxybenzene, 
appeared  to  be unstable .  It f r o z e  r e a d i l y ,  b u t  i t s  melting  point  decreased 
dur ing  s torage ,  ind ica t ing  the  format ion  of  a contaminat ing di luent ,  and i t s  
coatings bubbled vigorously upon melt ing,  contrary to  the behavior  of  the 
th i r ty  useab le  cand ida te s .  The t e n  r e j e c t e d  m a t e r i a l s  a r e  l i s t e d  i n  
Appendix D. ' 
REFRACTIVE INDEX MEASUREMENTS - A t  t he   ou t se t  of t h i s  work program, i t  
appeared that refractive index measurements might provide a simple, room- 
temperature method for  de te rmining  the  su i tab i l i ty  of a new l o t  of some 
pa r t i cu la r  i nd ica to r  ma te r i a l .  A Bausch & Lomb, Model  9935-A20,  Abbe-3L 
Refractometer thermostatted a t  77°F (25°C) was used t o  o b t a i n  t h e  r e f r a c t i v e  
index  of  each  of  the  ind ica tors  l i s ted  in  Appendixes A and B. These 
7 
r e f r a c t i v e  i n d e x e s  a r e  t a b u l a t e d  i n  Appendix E. 
While there has been no j u s t i f i c a t i o n  t o  d a t e  f o r  c a r r y i n g  o u t  a work 
program designed to  co r re l a t e  r e f r ac t ive  index  va lues  wi th  me l t ing  po in t  
va lues  for  any of t h e  i n d i c a t o r s ,  i n t e r e s t  i n  one or more of them i n  t h e  
fu tu re  migh t  j u s t i fy  add i t iona l  w6rk along these l ines .  
CONCLUSIONS 
1. Fusible   temperature   indicators   for   the  temperature   range  -50°F  to  -150°F 
hav ing  the  t a rge t  p rope r t i e s  ou t l ined  in  the  in t roduc to ry  sec t ion  can  be 
obtained from s e v e r a l  c l a s s e s  of organic compounds -- mainly, however, from 
organic esters. 
2. Packaging i n  an  aeraso l  spray  conta iner  in  conjunct ion  wi th  one  of the 
appl ica t ion  procedures  out l ined  in  the  repor t  appears  to  of fe r  the  s imples t ,  
most usefu l  and most v e r s a t i l e  a p p l i c a t i o n  form of these  ind ica tors .  
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APPENDIX A 
TEMPERATURE  INDICATORS-MELTING  POINT DATA 
Anisole 
Ethyl Benzoate 
Methyl Octanoate 
Ethyl Octanoate 
m-Xylene 
n-Heptyl Acetate 
Pentyl Hexanoate 
Diethyl Malonate 
Cy c 1 open t anone 
ter t. -Butylbenzene 
Hexyl Acetate  
Hexyl  Formate 
p - Cymene 
n-Pentyl Propionate 
Pentyl Butyrate 
Methyl Hexanoate 
Pentyl Formate 
MELTING POINT (OF) 
-37 
- 38 
-38 
-52 
-56 
- 60 
- 62 
-65 
- 67 
-78 
- 89 
-91 
-97 
-102 
-103 
- 104 
-105 
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APPENDIX B 
TEMPERATURE  INDICATORS REQUIRING COOLING OF SUBSTRATE 
WITH LIQUID NITRdGEN 
MELTING POINT DATA 
1 2 y 4 -  Trimethylbenzene 
Mesitylene 
Ethyl Propionate 
sec.-Butylbenzene 
Propyl Propionate 
I sobuty l  I sobutyra te  
n-Butylbenzene 
n-Butyl  alcohol 
Butyl Butyrate 
Methyl Valerate 
Ethylbenzene 
Ethyl Valerate 
Ethyl  Butyrate  
MELTING POINT (OF) 
-59 
-76 
- 107 
-114 
-114 
-118 
- 132 
-139 
- 139 
-139 
- 143 
- 147 
-161 
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APPENDIX C 
TEMPERATURE INDICATORS 
MELTING  POINT DATA I N  VACUUM 
Anisole 
Ethyl Benzoate 
Methyl Octanoate 
Ethyl Octanoate 
m-Xy 1 ene 
n-Hep tyl   Acetate 
Pentyl Hexanoate 
Diethyl Malonate 
Cyclopentanone 
ter t. -Butylbenzene 
Hexyl Acetate 
Hexyl Formate 
p-Cymene 
n-Pentyl Propionate 
Pentyl Butyrate 
Methyl Hexanoate 
Pentyl Formate 
MELTZNG POINT (OF) 
-36 
-38 
-39 
-52 
-56 
- 60 
- 6 4  
- 65 
-66 
-75 
-88 
- 88 
-97 
- 102 
-101 
-102 
-102 
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APPENDIX D 
REJECTED CANDIDATE MATERIALS 
n-Butyl Formate 
n-Butyl Propionate 
Cumene 
m-Dimethoxybenzene 
Ethyl Isovalerate 
Isobutyl  Propionate 
Methyl Cyclohexane 
3-Methyl Cyclohexanone 
iso-Pentyl Alcohol 
Propyl  Butyrate 
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APPENDIX E 
REFRACTIVE INDEX OF INDICATORS @77"F (25OC) 
Anisole 
n-Butyl Alcohol 
Butyl Benzene 
sec.-Butyl Benzene 
t e r  t . -Butyl Benzene 
Butyl Butyrate 
iso-Butyl iso-Butyrate 
Cyclopentanone 
p-Cymene 
Diethyl Malonate 
Ethyl Benzene 
Ethyl Benzoate 
Ethyl Butyrate 
Ethyl Octanoate 
Ethyl Propionate 
Ethyl Valerate 
n-Heptyl Acetate 
Hexyl Acetate 
n-Hexyl Formate 
Mesitylene 
Methyl Hexanoate 
Methyl Octanoate 
Methyl Valerate 
Pentyl Butyrate 
Pentyl Formate 
Pentyl Hexanoate 
Pentyl Propionate 
Propyl Propionate 
1,2,4- Trimethylbenzene 
m-Xylene 
RJ3FRACTIVE INDM 
1.5155 
1.3978 
1.4882 
1.4884 
1.4907 
1.4046 
1.3975 
1.4353 
1.4886 
1.4117 
1.4938 
I. 5032 
1.3906 
1.4165 
1.3822 
1.3987 
1.4130 
1.4077 
1.4056 
1.4975 
1.4042 
1.4153 
1.3958 
1.4104 
I. 3972 
1.4196 
1.4066 
1.3912 
1.5025 
1.4957 
1 
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APPENDIX F 
TEMPERATURE INDICATOR  CALIBRATION UNIT 
f" Temperatu 
Probe 
e Coa ted  
T e s t  
S l i d e  
* To 
L&N 
Recorder 
Front of Chamber 
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